Monitoring water resource changes is essential in water resources management and in flood or drought prevention. This research aims to monitor water resource changes using the multi-temporal Landsat imagery taken in December 2006 and 2014 through the following steps. First, the multiple NDWI (Normalized Difference Water Index) images are generated from the Landsat images. Next, multiple water resources such as the Nakdong River and the Dalchang reservoir are extracted from each NDWI image. Finally, the areas of the Nakdong River and the Dalchang reservoir in each NDWI image are measured to assess the water resource changes in the study area. The statistical results show that the Nakdong River had significantly increased its water storage capacity between 2006 and 2014, while the Dalchang reservoir had the constant area during the same period.
Introduction
Water resources are defined as sources of water that are useful for human activities [1] . In general, there are various types of water resources such as lakes, reservoirs, rivers, ground waters, frozen water, etc. Monitoring water resource changes is essential in the management of water resources, prevention of water-related disasters, and other functions [2] . The use of satellite imagery is effective in monitoring water resources because they can provide surface water information in huge areas where human access is not feasible. Multi-temporal data sets that observed water resource changes in the same areas at different times can also be easily acquired [3] . Historically, satellite imagery has been widely used in identifying the various land -covers including the water resources. Jo utilized the RapidEye image to identify the river flows [4] . Choung utilized the Landsat images to identify the various land covers including the river in river basin areas [3] . The previous research contributes to identifying the multiple land covers including the water resources using satellite imagery. However, research on monitoring water resource changes using multi-temporal satellite imagery has been limited. This research aims to monitor water resource changes using the multi-temporal Landsat images taken in Changnyeong, South Korea through the following steps. First, the multiple NDWI (Normalized Difference Water Index) images are generated from multi-temporal Landsat images. Next, multiple water resources such as the Nakdong River and the Dalchang reservoir are extracted from each NDWI image. Finally, the areas of the Nakdong River and the Dalchang reservoir in each NDWI images are measured to assess water resource changes in the study area.
Study area and data sets
The Landsat satellites has been operated since 1972 by the NASA (National Aeronautics and Space Administration) and the USGS (United States Geological Survey). They provide earth observation images generated by the sensors that consist of multi-spectral bands [5] . We selected Changyeong, South Korea area that includes the Nakdong River and the Dalchang reservoir (see Fig. 1 ) as the study area. This area had underwent the four major rivers restoration project carried out from 2009 to 2012 as a means to prevent water-related disasters, expanding the storage capacity of the water resources, etc [6] . For monitoring the water resource changes affected by the four rivers restoration project, we utilized the two Landsat images that taken in winter when the precipitation generally has low levels [6] . Due to the data availability, the Landsat images taken in December 4, 2006 and December 26, 2014 were used in this research.
Methodology
The proposed methodology included the multiple steps as follows. First, the NDWI image was generated using its green and near infrared bands of the given Landsat image. The NDWI is the derived index used to estimate the water contents in the remotely-sensed images and calculated using the equation below [7, 8] . (1) where G is the reflectance of the green band and N is the reflectance of the near infrared band of the given Landsat images. Fig. 2(a) show the Landsat image and Fig. 2(b) shows the NDWI image. In Fig. 2(b) , the pixels of the water features generally have high values, while the pixels of the land features generally have low values. In this research, the water features were extracted from the NDWI image using the thresholding method. However, as seen in Fig. 2(b) , due to the image distortions caused by the atmospheric conditions, some of the non-water features were also extracted from the NDWI image. These non-water features extracted from the NDWI images were manually removed. Finally, the Nakdong River (blue polygon) and the Dalchang reservoir (red polygon) polygons were generated from the NDWI image (see Fig. 3 ). Through the proposed steps, we extracted the two water resources (the Nakdong River and the Dalchang reservoir) from the Landsat images taken on December 4, 2006 and December 26, 2014, respectively (see Fig. 4 ). 
Results and discussions
After the water resources in the study area were extracted from the two Landsat images, we measured the areas of the Nakdong River and the Dalchang Reservoir polygons (see Table 1 ). Table 1 shows that the areas of the Dalchang Reservoir had not significantly changed, while the areas of the Nakdong River had significantly increased between 2006 and 2014. The statistical results shown in Table 1 prove the two following facts. First, the four major rivers restoration project enabled the Nakdong River in the study area to have the increased water storage capacity. Second, the four major rivers restoration project, however, did not have the significant influence on the water storage capacity of the Dalchang reservoir.
Conclusions
This research proposes an efficient methodology for monitoring changes in the water resource using multi-temporal Landsat images. The use of multi-temporal satellite imagery is effective in monitoring the significant features of water resources without human access. This research eventually shows that the Nakdong River had increased its capacity for storing more waters between 2006 and 2014 due to the four major rivers restoration project, while the Dalchang reservoir had the constant area during the same period.
